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(S) Multispot facet tracked raster output scanning system. 



(57) The present invention is a novel raster output 
scanner (ROS) configuration that employs mod- 
ulated laser diodes (50) as the light source. 
Each laser diode is coupled to a dedicated 
driver (52) that modulates the light beam ac- 
cording to digital video signal data. The present 
invention employs a single-channel acoustic- 
optic cell (58) that deflects the multiple beams 
to maintain proper facet tracking. A single 
transducer (57) is coupled to the single-channel 
acoustic-optic cell that generates the necessary 
acoustic wave to maintain proper tracking. 
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The present invention relates in general to raster 
optical scanning (ROS) and, in particular, to xero- 
graphic systems employing a facet tracked ROS ar- 
chitecture. 

Xerographic printing employing raster output 
scanners (ROS) has evolved along the lines of great- 
er efficiency, higher data throughput rates, improved 
print quality, lower cost of manufacture, and smaller 
packaging. These metrics of improved xerographic 
printing are influenced by various factors. The goal of 
designing a ROS system is to choose some combin- 
ation of factors that produces a system that optimizes 
these metrics. 

Efficiency of a ROS system has, in general, two major 
components: power throughput efficiency and scan- 
ning efficiency. Power throughput efficiency is de- 
fined as the ratio of the power output of the laser to 
the power of the beam received at the photoreceptor, 
as calculated in a "non-dynamic" mode (i.e. no poly- 
gon movement). Primarily, power throughput effi- 
ciency is a function of the type of illumination the facet 
receives and of optical element surface losses. 

Optical element surface loss is due to undesir- 
able absorption, reflection, and transmission in the 
various optical elements. While these factors can be 
controlled to some extent, there comes a point at 
which no further efficiencies may be achieved at the 
optical element level. Instead, there are certain sys- 
tem design choices that can be made with the goal of 
maximizing scanning efficiency. 

Three methods of polygon facet illumination are 
currently practiced in ROS systems: over-filled, un- 
der-filled, and facet tracked. As regards efficiency, 
facet tracking has certain advantages over the other 
two designs. For example, facet tracking avoids the 
power throughput loss of over-filled scanning while 
nearly adopting its perfect scanning efficiency. Like- 
wise, facet tracking avoids the scanning inefficien- 
cies of under-filled scanning while adopting its high 
power throughput. Thus, facet tracking is generally a 
better choice of scanning techniques when designing 
an optimally efficient system. 
As mentioned above, another metric of xerographic 
printing is data throughput. To improve data through- 
put rates, many present systems employ multiple las- 
er beams to concurrently "write" on the surface of a 
photoreceptor. The speed-up of the printing process 
is generally proportional to the number of indepen- 
dently addressable beams writing on the photorecep- 
tor. 

One prior art system employing multiple, inde- 
pendently addressable beams in a facet tracked con- 
figuration is detailed in sagittal view in Figure 1. Sys- 
tem 10 employs a gas laser 12 as its light source. A 
pre-modulator lens 14 provides the correct shape of 
the beam for beam splitter 16a which then splits the 
input beam into multiple beams (e.g. beams 18a and 
18b). The acoustic-optic modulator cell 20 provides 



multi-channel modulation (e.g. channel 22a and 22b) 
for the multiple beams. 

As will be discussed in greater detail below, A-O 
cell 20 accomplishes two functions: it modulates the 

5 light according to an input video signal and deflects 
the beams to maintain facet tracking. The output 
beams from the A-O cell are recombined in beam 
combiner 16b, transmitted through post modulation 
optics 24, and reflected by a mirrored facet on a ro- 

w tating polygon 26. The reflected beams 28 are trans- 
mitted through the focusing and polygon wobble cor- 
recting optics 30 and imaged onto the surface of pho- 
toreceptor 32. 

Figure 2 shows the workings of the A-O cell 20 in 

15 greater detail. In order to provide multi-channel mod- 
ulation, the A-O cell is partitioned into regions (e.g. re- 
gions 44 and 46), allowing the various beams (e.g. 
beams 18a and 18b) to be independently address- 
able. 

20 To create the partitioning for the different optical 

channels, individual transducers (e.g. transducers 34 
and 36) are coupled to the A-O cell. Each transducer 
transmits the sound wave (e.g. wave 42) that propa- 
gates through the channel. As is well known, the fre- 

25 quency of the sound wave determines the angle of de- 
flection of the light beam. 

The sound wave for a given channel is generated 
by a separate driver (e.g. drivers 38 and 40). The driv- 
ers accept their own digital video data input in order 

30 to modulate the light beams. As mentioned above, the 
modulation of separate channels by corresponding 
drivers allows each beam to be individually address- 
able. 

The system, depicted in Figures 1 and 2, is not 

35 optimal from the standpoint of several metrics. For 
example, the use of beam splitters and separate 
acoustic channels operated by dedicated drivers 
adds greatly to the cost of system manufacture. More- 
over, the use of a gas laser as the light source increas- 

40 es the packaging size of the system. For example, 
gas lasers generally have a minimum size of 25mm 
in diameter and 150 to 200mm in length. These di- 
mensions represent a lower bound on the size of a 
optical system employing gas lasers. 

45 Thus, there is a need for a multiple, independent- 

ly addressable beam ROS system that is not as com- 
plex or costly to manufacture. Additionally, there is a 
need for a multiple beam ROS system that has less 
of a space requirement than current systems. 

50 It is therefore an object of the present invention 

to provide a system that employs a multiple, indepen- 
dently addressable beam ROS system that does not 
require beam splitting and recombining. 

It is another object of the present invention to pro- 

55 vide a multiple beam, facet tracking ROS system hav- 
ing a lower cost of manufacture. 

It is yet another object of the present invention to 
provide a multi-beam, facet tracked ROS system hav- 
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ing a reduced packaging size for the system optics. 

It is another object of the present invention to pro- 
vide a system that employs a method of modulation 
having faster switching characteristics than a typical 
A-O cell. 

In summary, the present invention is a novel facet 
tracking ROS architecture that uses multiple laser di- 
odes as the light source. The laser diodes are individ- 
ually addressed and modulated at the source by di- 
rectly switching the diode current, in response to input 
digital video data signals. The modulated beam is 
then deflected by an A-O cell to induce the proper 
tracking of the beam on the effective facet surface. 
Because the laser I ig ht is modulated at the d iodes, the 
present invention need only use a single-channel A- 
O cell having a single transducer to drive the cell. 

One advantage of the present invention is greater 
data throughput. The present invention modulates the 
individual laser diodes with electronic switching of the 
diode current. In general, electronic switching is much 
faster than the acoustic switching provided a multi- 
channel A-O cell. Thus, the data throughput rate is 
greatly increased. 

Another advantage of the present invention is 
power throughput efficiency. The present invention 
employs laser diodes as opposed to a split beam gas 
laser source. When, according to the input video data, 
no useful writing is to be accomplished at the photo- 
receptor, the present invention turns off the current to 
the laser diode which has a negligible delay as a las- 
ing element. Turning the diode off reduces power con- 
sumption. By contrast, a gas laser has a much greater 
delay as a lasing element which makes direct modu- 
lation impractical. To avoid writing to the photorecep- 
tor with a gas laser, the beam is deflected to a "stop" 
to insure that it does not reach the photoreceptor. The 
beam from the gas laser, however, is not turned off 
and, consequently power is consumed. 

Yet another advantage of the present invention is 
smaller package size. Multispot laser diode pack- 
ages, in general, are cubic on the order of 6mm per 
side. Thus, a quad pack of laser diodes would take up 
considerably less space than a gas laser source of 
25mm in diameter and 150 to 200mm long. 

Yet another advantage of the present invention is 
lower cost of manufacture. Because multiple laser di- 
odes are independently modulated, there is no need 
for beam splitters, beam combiners, and multiple 
channel A-O devices in the present invention. This 
simplified optical system reduces the cost of manu- 
facture. 

Additional objects and features of the present in- 
vention will be more readily apparent from the follow- 
ing detailed description of an exemplary embodiment 
thereof, as illustrated in the accompanying drawings, 
in which:- 

Figure 1 is a layout of a prior art facet tracking 
ROS system that employs multiple laser beams. The 



single gas laser source beam is split into multiple 
beams using a beam splitter. 

Figure 2 shows the design of a multiple channel 
acoustic-optic cell as used in the system depicted in 
5 Figure 1. Each channel is modulated by a dedicated 
transducer in order to make each beam individually 
addressable. 

Figure 3 is a tangential view of the optical path of 
a preferred embodiment made in accordance with the 
w principles of the present invention. 

Figure 4 is an unfolded sagittal view of the optical 
path displayed in Figure 3. 

Figure 5A is a cut-away perspective drawing of a 
single-channel A-O cell having one transducer. Four 
15 light beams are depicted traversing the cell. 

Figure 5B is a cut-away, sagittal view of a single- 
channel A-O cell. The sagittal waists of the four 
beams are shown. 

Referring to Figure 3, a tangential view of the opt- 
20 ical path of the presently preferred embodiment 80 is 
shown. The light source of the system is a quad-pack 
of laser diodes 50 with each diode positioned on top 
of one another in the sagittal plane (as seen clearly 
in Figure 4). It will be appreciated that various conf ig- 
25 u rations of laser diodes are well known in the art and 
that the present invention should not be limited to the 
particular four-by-one configuration disclosed in the 
presently preferred embodiment. For example, quad- 
packs with diodes positioned two-by-two are also 
30 well known. 

To be independently addressable, separate driv- 
ers 52 are dedicated to each individual laser diodes 
in the quad-pack. As is well known in the art, diodes 
are modulated by switching the current to the diode 
35 on and off, according to input video signal data. The 
speed of switching is limited, in general, by the speed 
of the driver electronics, since the speed of the laser 
diode itself is practically unlimited. However, elec- 
tronic switching, in general, is much faster than the 
40 acoustic switching provided in Figure 2. Thus, the 
data throughput of the present invention is much 
greater than previous multiple beam ROS systems. 

As the light emanates from laser diodes 50, the 
light is focused onto single-channel A-O cell 58 by cyl- 
45 indrical lenses 54 and 56. Because the light from the 
diodes is individually modulated, there is no need in 
the present invention for an A-O cell with multiple 
channels driven by separate transducers. Instead, A- 
O cell 58 is driven by a single transducer 57 which, in 
50 turn, is driven by a single driver 59 that smoothly in- 
duces the input beams to deflect through an angle to 
maintain proper facet tracking. The path of beam de- 
flection is depicted as moving along tracking arrow 65 
and return arrow 63. It will be appreciated that the 
55 method of maintaining a proper angle and subse- 
quent parallel beam displacement for facet tracking is 
well known in the art. 

After the light beams have been deflected by A- 
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O cell 58, the beams are focused in the sagittal meri- 
dian onto effective facet 66 by spherical lens 60, cyl- 
indrical lens 62 , and spherical lens 64. The effective 
facet is caused to move through an angular and trans- 
lational displacement as polygon 68 rotates. Facet 
tracking insures that the beams stay centered on the 
facet throughout all positions in which the facet may 
effectively reflect light to the photoreceptor 78. 

After the light is thus reflected, the beams are 
again focused by cylindrical lenses 70 and 72, nega- 
tive cylindrical lens 74 and concave cylindrical mirror 
76. The focused beams impinge upon the surface of 
photoreceptor 78 to produce the effective "writing" of 
the system. 

A sagittal view of a presently preferred embodi- 
ment 80 is shown in Figure 4. As can be seen from this 
view, the laser diodes are positioned so that their 
beams ride on top of each other in this plane. Dedi- 
cated drivers 52 are coupled to individual diodes 50 
to provide individual addressability. Also seen, the 
four light beams image the photoreceptor surface 78 
on top of each other. It will be appreciated that the 
beams could be staggered by some interlacing 
scheme in order to accommodate the optical system 
design as well as to produce a smoother output to the 
human eye. It will also be appreciated that other opt- 
ical design configurations are possible. For example, 
lenses 54 and 56, lenses 60 and 62, and lenses 70 
and 72 could each be constructed as single elements. 
Other optical design modifications are possible with- 
out detracting from the thrust of the present inven- 
tion. Thus, the present invention should not be limited 
to the particular embodiment shown in Figure 3 and 
4. 

Figure 5A is a cut-away, perspective view of the 
single-channel A-O cell as used in the present inven- 
tion. As can be seen, the four light beams 100 enter 
the A-O cell and are deflected by a single-channel 
101 that is produced by transducer 57. Because 
transducer 57 is driven by a single driver 59, all the 
beams that are in the channel 101 at the same time 
are affected the same. It will be appreciated that be- 
cause the beams are modulated at the source, there 
will be times in which not all four beams illuminate the 
A-O cell simultaneously. Figure 5B is a sagittal view 
of the single-channel A-O cell shown in Figure 5A. 

In summary, the present invention provides a 
novel system architecture which improves on the typ- 
ical facet tracking ROS configuration. The present in- 
vention employs a set of laser diodes which are indi- 
vidually modulated at the source. Because the system 
modulates its multiple laser diodes at the source, the 
optical system of the present invention can use a sin- 
gle-channel A-O cell to achieve the necessary beam 
deflection for proper facet tracking, as opposed to a 
multiple channel/multiple transducer A-O cell. Addi- 
tionally, the present invention does not need to use 
beam splitters and recombiners to produce multiple 



beams from one source. Thus, the cost of manufac- 
turing the present invention is less than previous sys- 
tems. 

The present invention also improves the data 
5 throughput rate as compared with previous systems. 
The switching speed of the electronics needed to 
modulate the individual laser diodes is faster than the 
acoustic switching used in a multiple channel A-O 
cell. 

10 The present invention reduces the required pack- 

aging size of multiple beam facet tracking ROS sys- 
tems. Laser diodes are in general orders of magni- 
tude smaller than their gas laser counterparts. 

15 

Claims 

1. A raster output scanning apparatus for use in a 
facet tracking architecture, said apparatus hav- 

20 ing a laser light source (50), a plurality of optical 

elements (54,56,60,62,64,70-76), a rotating mir- 
rored polygon (68) and a recording medium (78); 
said apparatus being characterised by: 

said laser light source (50) comprising a 
25 plurality of laser diodes; 

a plurality of dedicated drivers (52) where- 
in each said diode is coupled to at least one driv- 
er; and 

a single-channel acoustic-optic cell (58) 
30 that deflects the multiple beams from said plur- 

ality of laser diodes such that proper facet track- 
ing is maintained. 

2. An apparatus as recited in claim 1 wherein said 
35 drivers (52) provide an output stream of signals 

that correspond to the video data required to be 
printed at said photoreceptor. 

3. An apparatus as recited in claim 1 or claim 2 
40 wherein said single-channel acoustic-optic cell 

further comprises: 

a single transducer (57) coupled to said 
cell such that said transducer produces an acous- 
tic wave necessary to maintain proper facet 
45 tracking. 
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